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Purpose: A nurse-managed/physician-supervised t eatment program for venous ulceration 
was evaluated to determine the influence of venous hernodynamics, omorbidities, patient 
behavior, and ulcer characteristics on time to healing and time to recurrence. 
Methods: The clinical course and long-term follow-up of 71 patients with 99 venous ulcers 
diagnosed between November 1981 and August 1994 were analyzed by a retrospective 
review of clinic records. Demographic data, severity of venous insufficiency, ulcer 
characteristics, and patient compliance were studied. Outcome variables were time to 
complete ulcer healing and time to first recurrence. 
Results: Ninety-one percent of the ulcers healed completely at a median 3.4 months. There 
were 52 (57%) recurrences at a median 10.4 months. Ulcers on limbs with a venous refill 
time of 10 seconds or less demonstrated a significantly longer time to complete healing 
(p < 0.03); however, no effect on time to recurrence was observed. Patients who were in 
strict compliance with the treatment regimen (n = 32) had significantly faster healing 
(p -< 0.02) and fewer recurrences (p _< 0.004) compared with patients who were less 
compliant (n = 67). 
Conclusions: Most venous ulcers can be expected to heal when patients are enrolled in a 
nurse-managed/physician-supervised ambulatory ulcer clinic. Photoplethysmography- 
derived venous refill time of 10 seconds or less predicted elayed healing. Strict compliance 
with the treatment protocol significantly decreased the time to healing and prolonged the 
time to recurrence. (J VASC SURG 1995;22:629-36.) 
"If you do what I say and follow it closely, your ulcer 
will heal." 
- Robert Linton 
Venous ulceration is the most undesirable conse- 
quence of  exposure to the elevated venous pressure 
associated with chronic venous insufficiency (CVI). 
Approximately 1% of  the population are at signifi- 
cant risk for development ofvenous ulceration, which 
is debilitating and costly to both the patient and the 
health care system. I-3 The evolving technology of  
noninvasive valuation of  vascular disorders contin- 
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ues to refine our knowledge of the anatomy and 
pathophysiology of the extremity afflicted with this 
disorder. No single test can completely characterize 
the source and extent of  venous abnormality in 
patients with CVI. Fortunately, several noninvasive 
tests exist that, if used collectively, can identify the 
source, location, and magnitude of venous insuf- 
ficiency with a high degree of  accuracy. 46 CVI 
develops in association with the postthrombotic 
syndrome, primary valvular incompetence, or a 
combination of  both these clinical entities. 7Never- 
theless, the anatomic location of venous obstruction 
and its extent do not determine severity of  venous 
insufficiency, and the distribution of valvular incom- 
petence is highly variable. 8,9 Venous insufficiency, 
identified by increased ambulatory venous pressures 
and decreased venous refill times, is associated with 
the likelihood of development of venous ulcer- 
ation. 6'1° However, the role of hemodynamic param- 
eters and postthrombotic changes in predicfng the 
prognosis of established venous ulceration is less 
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clear. Skene et al.11 used multivariate survival analysis 
to formulate a simple scoring system to predict ime 
to healing. Significant factors identified were ulcer 
area, duration of preexisting ulceration, age, and 
absence of deep venous insufficiency. These authors 
did not address recurrence. Mayberry et al. 12 exam- 
ined a variety of clinical and hemodynamic variables, 
including compliance in use of elastic compression 
stockings. They found that compliance with com- 
pression stockings and a pretreatment ulcer duration 
of less than 9 months were the only variables that 
significantly decreased initial ulcer healing time. Only 
compliance with compression stockings affected 
recurrence. 12
It seems apparent that measures to monitor and 
increase compliance will hasten healing of venous 
ulcers and prevent or delay recurrence. Traditionally, 
nurses have been instrumental in providing patient 
education and achieving compliance, which has been 
important for the success of a prescribed treatment 
regimen. This report demonstrates the efficacy of a 
nurse-managed/physician-supervised ambulatory ul- 
cer clinic. A specialized protocol for the treatment of 
patients with venous ulcers, including techniques for 
identification of pathophysiology, wound manage- 
ment, patient education, and follow-up is illustrated. 
The degree of venous insufficiency, the presence or 
absence of a cause such as prior deep venous 
thrombosis (DVT), and the overall patient compli- 
ance with the prescribed treatment protocol were 
evaluated to determine factors influencing the time 
for the ulcers to heal and recur. 
PATIENTS AND METHODS 
Diagnostic and treatment protocol 
Patients referred for evaluation and treatment of 
venous ulceration were initially evaluated by a sur- 
geon with a complete history and physical examina- 
tion. Items of interest included a history of DVT, 
venous ulceration, arterial occlusive disease, past sur- 
gery for arterial or venous disease, diabetes, cancer, 
arthritis, dermatitis, neuropathy, local trauma, and 
infection. When indicated, radiographs were ob- 
tained to exclude bone and deep tissue infection. A 
vascular nurse clinician performed a clinical evalua- 
tion of each patient. Assessment included the location 
of the ulcer (medial, lateral, anterior, posterior), the 
depth (superficial, deep) with the adjacent skin sur- 
face used as a reference, the quantity (single, mul- 
tiple), and the area calculated as the product of the 
maximal perpendicular diameters. Additional infor- 
mation includes the appearance of the ulcer bed, the 
amount and character of drainage, the appearance of
the lower limb (edema, erythema, dermatitis), and 
the degree and character of discomfort. 
Ankle/brachial indexes and photoplethysmo- 
graphic toe pressures are performed to exclude 
ischemia as a cause for the ulceration. Noninvasive 
studies to confirm the diagnosis of venous insuffi- 
ciency include venous duplex ultrasonography to
obtain images of valvular incompetence and post- 
thrombotic hanges uch as venous occlusion, recan- 
alization, and collateral formation. Examination be- 
gan with the patient in a 30-degree reversed Tren- 
delenburg position, and proceeded from the inguinal 
ligament to the ankle with the ultrasound transducer 
oriented transversely. Every 1 to 2 cm the vein was 
compressed with the transducer while the change in 
vein wall contour was directly observed. A thrombus 
or partially occluded vein resists compression. Areas 
of abnormality were further examined in the longi- 
tudinal plane. Directional Doppler analysis and 
color-mapped Doppler flow velocities identified val- 
vular incompetence in the deep venous system as 
abnormal f ow reversal during Valsalva's maneuver or 
thigh and calf compression. 
Venous refill times with use of photoplethys- 
mography identified the distribution and magnitude 
of insufficiency.13 The study was performed with the 
patient in the sitting position with the legs dangling 
freely. A photocell was attached to the skin ap- 
proximately 10 cm above the medial malleolus with 
double-sided, clear adhesive tape. After a baseline 
was obtained on the strip chart recorder, the pa- 
tient's calf muscle was manually compressed five 
times. This maneuver activates the calf muscle 
pump. In a normal extremity with competent valves, 
calf muscle contraction empties the superficial and 
deep veins, causing a drop in venous pressure. The 
photocell detects the concomitant decrease in he- 
moglobin as decreased light absorption. The time 
required for the tracing to return to baseline is the 
venous refill time. A rapid refill time confirms the 
presence of venous insufficiency. If the test result 
is abnormal (refill time <20 seconds), the proce- 
dure is repeated with a tourniquet placed below the 
knee, preventing reflux from the superficial venous 
system. Normalization of the refill time after place- 
ment of the below-knee tourniquet provides evi- 
dence that the deep venous system is normal and 
that insufficiency is confined to the superficial 
venous system below the knee. If the test result 
remains abnormal, the procedure is repeated with 
the tourniquet moved to the above-knee location, 
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and if the test is still abnormal, insufficiency exists 
in the deep venous system. Duplicate tests were 
obtained at all levels to confirm accuracy, and 
examination of the limb contralateral to the ulcer 
was also performed. The degree of insufficiency is 
graded as normal (>20 seconds), mild (15 to 20 
seconds), moderate (5 to 15 seconds), and severe 
( < 5 seconds). 14 The distribution of insufficiency is
recorded as superficial only or deep (deep venous 
insufficiency _+ superficial venous insufficiency). 
Those patients with infected ulcers or extensive 
swelling or who could not comply with treatment on 
an outpatient basis were admitted to the hospital. 
Patients not requiring hospital admission were en- 
rolled in the ambulatory venous ulcer clinic to begin 
treatment. 
The vascular nurse clinician initiated a compre- 
hensive program of education. Patients learned basic 
venous pathophysiology, the cause of venous insuf- 
ficiency, and the signs and symptoms of venous 
insufficiency and ulceration. Teaching sessions em- 
phasized the importance of compression therapy and 
the benefit of frequent leg elevation (15 to 20 
minutes, four times per day). The nurse instructed 
the patient o avoid standing motionless and to keep 
the involved extremity elevated when sitting. An 
illustrated teaching pamphlet supplemented the oral 
instruction. An evaluation code recorded in a teach- 
ing flow sheet documented the patient's comprehen- 
sion of the learning objectives. Additional instruction 
or reinforcement depends on the patient's evaluation 
code. 
Patients were prescribed one of two treatment 
protocols to achieve wound care and compression 
therapy. One regimen uses a zinc oxide paste-im- 
pregnated bandage (Unna's boot) covered with a 
self-adhesive lastic wrap. The alternative uses an 
adhesive hydrocolloid patch to cover the ulccr bed, 
over which the patient wears a graded (30 to 40 mm 
Hg) elastic stocking. 
Follow-up occurred a minimum of twice per 
week initially, then less frequently as the ulcer healed. 
The vascular nurse clinician examined the wound for 
evidence of drainage, infection, or problems with 
skin integrity and assessed the degree of healing. 
Attendance at scheduled appointments and the pa- 
tient's capability to follow the prescribed treatment 
regimen formed the basis of a compliance valuation 
for each patient. Patients who kept 100% of their 
appointments, adhered completely with prescribed 
compression therapy, and followed all instructions 
for wound and extremity care were considered to 
have excellent compliance. Patients whose behavior 
deviated from those standards during the course of 
treatment were considered by the vascular nurse 
clinician not to have excellent compliance. 
During the treatment period, the patient was 
scheduled for examination by the supervising sur- 
geon when signs of infection, excessive swelling, 
failure to heal, or ulcer deterioration developed. The 
treatment protocol included antibiotic therapy, hos- 
pital admission, or surgical intervention at the 
discretion of the surgeon. 
After complete ulcer healing, all patients were 
fitted with below-knee graduated compression stock- 
ings at a minimum of 30 to 40 mm Hg compression. 
Patients received instructions for stocking replace- 
ment every 3 to 6 months. The referring physician 
resumed primary care; however, the patients and 
physicians were directed to consult he venous ulcer 
clinic with questions or evidence of ulcer recurrence. 
The vascular nurse clinician actively contacted pa- 
tients by phone to determine the current status of 
healed ulcers. 
Study population 
This study involves the clinical course of 71 
patients diagnosed with class 3 venous insufficiency 
(ulceration) diagnosed between November 1981 
and August 1994 who were treated at an academic 
medical center in a nurse-managed/physician- 
supervised venous ulcer clinic. Patients included in 
the study population had records of an initial 
assessment and treatment plan, an educational pro- 
gram, noninvasive hemodynamic testing, a clinical 
end point, and follow-up for at least 6 months. 
There were 32 men (45%) and 39 women (55%) 
with a mean age of 56 years (range 26 to 79 years). 
Diabetes was present in 18 patients (25%). A total 
of 99 extremities (43 unilateral, 28 bilateral) with 
venous ulcers were treated. The median ulcer area 
was 4 cm 2 (range 0.04 to 96 cm2), and 85 ulcers 
were classified as superficial ( < 0.5 cm), and 14 were 
classified as deep (>0.5 cm). 
A history of DVT was obtained in 22 of 99 
ulcerated extremities (22%). Duplex examination 
(ATL Ultramark 9 Ultrasound System; Advanced 
Technology Laboratories, Bothell, Wash.) demon- 
strated postthrombotic changes (thrombosis or re- 
canalization) in 19 of the 99 extremities. Of the 22 
extremities with a history of DVT, 15 (68%) had 
postthrombotic changes. In the remaining 77 ex- 
tremities without a history of DVT, four demon- 
strated postrhrombotic changes, indicating at least a 
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Fig. 1. Distribution of CVI in 99 limbs with venous ulcers based on photoplethysmography- 
derived refill times. Severe, < 5 seconds; moderate, 5 to 15 seconds; mild, 15 to 20 seconds; 
and normal, > 20 seconds. 
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Fig. 2. Distribution of times to first recurrence after initial venous ulcer healing in 51 limbs. 
Median time to recurrence was 10.4 months. 
5% incidence of subclinical DVT as a possible cause 
for venous insufficiency. Overall, prior DVT on the 
basis of  history or duplex examination results would 
account for 26 cases of venous insufficiency. 
RESULTS 
Venous refill times were obtained on 89 ulcerated 
extremities (Model 1052 Dual frequency directional 
Doppler with photocell attachment; Parks Medical 
Electronic Inc., Aloha, Ore.). The median refill time 
was 10 seconds, with a range of 4 to 26 seconds. The 
degree of  venous insufficiency On the basis of  refill 
time was determined by use of  the categories de- 
scribed previously. There were seven extremities in 
the severe category (8%), 67 extremities in the 
moderate category (75%), and nine extremities in the 
mild category (10%). According to this grading 
system six extremities fell within the normal range 
with scores between 21 and 26 seconds (Fig. 1). 
Refill times with tourniquets were obtained in 83 
extremities to differentiate between superficial only 
and deep venous involvement. Fourteen of 83 
ulcerated extremities (17%) had venous insufficiency 
confined to the superficial venous system only; 69 
had either deep only or combined superficial and 
deep venous insufficiency. Of  these 69 extremities 
with deep insufficiency by refill time, 48 (70%) were 
confirmed with duplex examination. Contralateral 
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Fig. 3. Life-table analysis monitors healing of 89 venous ulcers. Ulcers are stratified by 
extremities with photoplethysmography-derived refill times greater than 10 seconds (n = 40, 
solid line) and refill times 10 seconds or less (n = 49, interrupted line) (p <_ 0.03). 
refill times were available in 37 of 43 patients with 
unilateral ulcers. Of these 37 extremities, 30 had refill 
times less than 20 seconds, suggesting an 81% 
incidence of contralateral venous insufficiency in 
patients with unilateral venous ulcers. 
The outcome variables were time to complete 
healing of the ulcer and time to first recurrence. 
Ninety-one ulcers (92%) healed at a median time of 
3.4 months, range 0.3 to 61.5. The eight ulcers that 
did not heal during the study period had a median 
treatment duration of 14.1 months, range 2.8 to 82.0 
months. Of  the 91 ulcers that healed, 51 (56%) 
recurred at a median of 10.4 months, range 0 to 68.9 
months (Fig. 2). Follow-up data were available on 38 
of 39 extremities remaining recurrence free. Life- 
table and Cox regression analysis were used to 
evaluate the effect of patient, ulcer, and hemody- 
namic characteristics on time to healing and time to 
recur rence .  15,16 
No significant difference in time to complete 
heating was identified for the four venous insuffi- 
ciency categories on the basis of refill times (log rank, 
p = 0.14). However, if the extremities were grouped 
into two categories on the basis of the median refill 
time of 10 seconds (n = 49, <10 seconds and 
n = 40, > 10 seconds), a significant difference in 
time to complete healing is observed (log rank, 
p _< 0.03, Fig. 3). At 5 months the cumulative 
percentage of healed ulcers with refill times of more 
than 10 seconds was 80% compared with 53% for 
extremities with refill times of 10 seconds or less. The 
time to first recurrence was not affected by degree of 
venous insufficiency (log rank, p = 0.98). 
A compliance rating was assigned for each initial 
ulcer episode on the basis of criteria described 
previously. In 32 cases the patient was considered to 
have maintained strict compliance with the treatment 
protocol, and in 67 cases the patient exhibited 
noncompliant behavior (Fig. 4). 
Life-table analysis was used to compare ulcer heal- 
ing stratified by patient compliance as described pre- 
viously. The group of patients with strict compliance 
demonstrated ulcer heating at a rate significantly dif- 
ferent from the noncompliant group (log rank, 
p _< 0.02, Fig. 5). At 5 months the cumulative per- 
centage of healed ulcers in the compliant group was 
73% versus 59% in the noncompfiant group. For the 
whole series, complete heating was achieved in 97% 
of the ulcers in the compliant group at a median time 
of 2.4 months compared with 89.6% at a median of 
4.3 months for the noncompliant group. The effect 
of compliance on time to recurrence showed similar 
results. A highly significant difference between the 
compliant and the noncompliant categories is ob- 
served for time to first recurrence (log rank, 
p _< 0.004, Fig. 6). At 2 years, the cumulative per- 
centage of recurrence in the compliant group was 
41% compared with 71% in the noncompliant 
group. Actual recurrence for the complete series was 
37% in the compliant group versus 60% for the 
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Fig. 4. Distribution of compliance for 99 patients enrolled in ambulatory care program for 
treating venous ulcers. Compliant patients adhered strictly to protocol. 
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Fig. 5. Life-table analysis monitoring healing of 99 venous ulcers. Ulcers are stratified by 
patients compliant with treatment protocol (n = 32, solid line) and those with noncompliant 
behavior (n = 67, interrupted line) (p < 0.02). 
noncompliant group. The distribution of venous 
insufficiency within the compliance categories was 
not significantly different (20 = 0.12, Pearson chi 
square). 
The data were also evaluated with all patients 
with unilateral ulcers and only the first ulcer episode 
in those patients with bilateral ulcers. For those 
patients with simultaneous bilateral ulcers, a limb 
was selected randomly for evaluation. This de- 
creased the total number of observations to 71 
ulcers, with only one ulcer evaluated per patient. 
With the same patient, ulcer, and hemodynamic 
factors described above, the effect on the outcome 
variables time to healing and time to first recurrence 
is once again demonstrated. Venous insufficiency on 
the basis of photoplethysmography-derived refill 
time had a significant effect on time to complete 
healing (p = 0.039) when cases were divided by use 
of the median value of 10 seconds. No effect on 
recurrence was observed (2o = 0.69). Strict com- 
pliance with the treatment regimen significantly 
affected time to healing (20 _< 0.008) and time to 
first recurrence (p -< 0.05). No significant effect on 
time to healing or time to recurrence was identified 
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Fig. 6. Life-table analysis of 91 limbs free from recurrence of venous ulcers. Limbs are stratified 
by patients compliant with initial treatment protocol (n = 31, solid line) and those with 
noncompliant behavior (n = 60, interrupted line) (p <- 0.004). 
for age, sex, diabetes, anlde/brachial index, toe 
pressure, evidence of DVT by duplex examination, 
ulcer area, ulcer depth, ulcer location, and ulcer 
quantity. 
DISCUSSION 
This study evaluates a cohort of patients with 
class 3 venous insufficiency treated in a nurse- 
managed/physician-supervised ambulatory venous 
ulcer clinic. The clinic is designed to optimize the 
treatment of patients with venous ulcers by del- 
egating a significant amount of responsibility for 
care and follow-up to the vascular nurse clinician. 
This autonomy allows the vascular nurse to establish 
a rapport with the patient and improve compre- 
hension and compliance with the treatment regi- 
men. Patient compliance with the treatment pro- 
tocol was evaluated as a predictor for the outcome 
variables time to healing and time to first recurrence. 
The effect of compliance on healing and recur- 
rence was delineated by grouping cases into two 
categories: those with a record of excellent compli- 
ance and those with a record of noncompliance, 
which was defined as less than 100% attendance at 
scheduled clinic appointments, less than strict com- 
pliance with compression therapy, and failure to 
follow all instructions regarding wound and extrem- 
ity care. The ulcers of compliant patients healed 
significantly sooner (p _ 0.02) and were less likely to 
recur (p _< 0.004). These findings are similar to those 
reported by Mayberry et al.12; however, their com- 
pliance categories were based exclusively on the 
patient's use of compression stockings. Our compli- 
ance criteria were based on observations made by the 
vascular nurse clinician during the treatment period, 
and, although adegree of subjectivity may have been 
introduced in these evaluations, it is indicative of the 
quality of the rapport between the nurse managing 
the case and the patient. 
The diagnosis of venous insufficiency was made 
by clinical evaluation and noninvasive hemodynamic 
testing. All patients except one had qualitative venous 
duplex examination of the involved extremity to 
identify evidence of prior DVT (old thrombus and 
recanalization) and deep venous insufficiency. On the 
basis of history and duplex examination results, prior 
DVT would contribute to 26 cases of venous 
insufficiency (26%). A presumptive diagnosis of 
subclinical DVT on the basis of a positive duplex 
scanning result, but without a history of prior DVT, 
occurred in only 5% of patients. In most cases (73%) 
venous ulceration could not be related to a throm- 
boric event. Although the clinician should be aware 
of a prior DVT in providing long-term care to 
minimize the effects of chronic postthrombotic 
changes, the history of a thrombotic event did not 
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serve as a predicator of healing or recurrence of a 
venous stasis ulcer. 
Photoplethysmography-derived nous refill 
times were used to document the location (superficial 
or deep venous ystem) and to determine the degree 
of insufficiency. Of the 99 ulcerated extremities, 89 
were successfully tested to calculate venous refill 
times. Accurate tracings could not be obtained in 10 
extremities. On the basis of the recommendation f 
the North American Chapter of the International 
Society for Cardiovascular Surgery/Society for Vas- 
cular Surgery Ad Hoc Committee on Reporting 
Standards in Venous Disease,14 the venous refill times 
for 75% (n = 67) of our cases fell into the category 
of moderate CVI (5 to 15 seconds). The remaining 
cases were almost equally divided into the remaining 
categories: evere, <5 seconds (n = 7); mild, 15 to 
20 seconds (n = 9); normal, >20 seconds (n = 6). 
Because six cases suggested normal venous hemody- 
namics in patients diagnosed with venous ulcers, this 
series has acknowledged that venous refill time by 
photoplethysmography lacks 100% sensitivity. On 
the basis of history, appearance, and location, these 
six ulcers appeared to have CVI as their cause. After 
our protocol five of six ulcers healed at a mean of 3.5 
months. 
No significant difference in time to complete 
healing or time to recurrence was observed when 
cases were stratified by the four standard categories of 
CVI, probably owing to the large proportion of cases 
in the "moderate" CVI category. When cases were 
stratified on the basis of the median venous refill time 
of 10 seconds, a significant difference was detected 
for time to healing but not time to recurrence. This 
categorization allowed identification of subgroups of 
patients with venous ulcers at risk for delayed heal- 
ing on the basis of photoplethysmography-derived 
venous refill times. 
Conservative treatment of patients with class 3 
venous insufficiency (ulceration) in an ambula- 
tory setting can achieve complete healing in more 
than 90% of venous ulcers. Photoplethysmography- 
derived venous refill times that are significantly 
decreased will identify a subgroup of patients with 
ulcers at risk for delayed healing. The nurse/patient 
interaction made possible in a nurse-managed/phy- 
sician-supervised ambulatory venous ulcer clinic is a 
vital component in achieving increased patient com- 
pliance, which is an essential factor in healing venous 
ulcers and avoiding their recurrence. 
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